Previous studies have indicated that white blood cells possess DNA on their outer membranes. In this study we 
Introduction
Increasing evidence shows that peripheral blood cells can both excrete DNA (1) (2) (3) (4) (5) (6) and have DNA associated with their plasma membrane fraction (7-1 1) . DNA receptors have been described on human platelets ( 12) and would appear to have a functional role, as their association with DNA leads to platelet aggregation and serotonin release (13) . Whether the interaction of DNA with the membranes of nucleated peripheral blood cells is of functional importance has not been well studied: Russell et al. (14) have presented evidence indicating that the suppression of leukemia in AKR mice depends on the presence of cell membrane DNA (cmDNA), ' and Jachertz et al. (15) have performed experiments that would seem to show that DNA, released by antigen stimulated lymphocytes, can be transcribed into an RNA that encodes for a specific antigen binding protein. On the other hand, this general area of research may be only an epiphenomenon resulting from the release of DNA by dying cells (16) and its nonspecific adherence to cell membranes. Our group has presented evidence that the cmDNA is a probable candidate for a lactoferrin receptor ( 17) , and that the interaction of lactoferrin with monocytes (18) functions in inhibiting the release of a monokine that stimulates T cells to produce granulocyte-macrophage colony stimulating factor (19, 20) . In the present study we provide further evidence that cmDNA is not a nonspecific epiphenomenon by showing that (a) the interaction of DNA with cell membranes is compatible with a ligand receptor relationship, and (b) the apparent receptor is a protein of 30,000 mol wt, and (c) exogenous DNA is internalized and degraded under conditions that implicate metabolically active receptor regeneration.
Methods
Agents used. Lambda phage DNA and DNA polymerase I were purchased from Bethesda Research Laboratories (Gaithersburg, MD). DNA was dissolved in 10 mM Tris HCI, pH 7.5, 120 mM NaCl, and 0.1 mM EDTA. Just before use, the solution was heated to 60C for 10 min and then quickly cooled on ice, to restore the DNA to its linear form. (In storage it tends to form circles due to "sticky" ends.) dNTPs were purchased from Sigma Chemical Company (St. Louis, MO); [3H]dTTP (62 mCi/mg) was purchased from Amersham Corp. (Arlington Heights, IL); and DNase 1 was purchased from Worthington Diagnostics Div., Millipore Corp. (Freehold, NJ). Bovine serum albumin (BSA), transfer RNA, trypsin, Hepes, phenylmethylsulfonyl fluoride (PMSF), dithiothreitol, sodium dodecyl sulfate (SDS), Tween 20, polyvinyl pyrollidine, and Triton X were purchased from Sigma Chemical Co. Hanks balanced salt solution (HBSS) was purchased from Gibco (Grand Island, NY). FicollPaque was purchased from Pharmacia Fine Chemicals (Piscataway, NJ). Molecular weight standards for electrophoresis, polyacrylamide, NN'-methylene-bisacrylamide, tetramethylenedianine, and ammonium persulfate were purchased from Bio-Rad Laboratories (Richmond, CA). Biotinylated DNA (B-DNA) was prepared from lambda phage DNA using nick translation to incorporate biotinylated d-uridine triphosphate (UTP) (21) ; the reagents for this procedure (d-UTP, streptavidin-biotinylated horseradish peroxidase complex, DNA polymerase, and DNase 1) were purchased in kit form from Enzo-Biochem, Inc. (New York, NY) and processed as per the supplier's instructions. Goat antibiotin and rabbit fluoresceinated anti-goat were purchased in kit form from Enzo-Biochem, Inc. Radiolabeling of DNA. DNA was radiolabeled by nick translation (22) . In brief, the reaction was performed on 12. binding study, using neutrophils as described above. Preparation of nonhistone proteins and cytosol. We prepared chromatin from peripheral blood mononuclear cells (PBMC) (I07 in HBSS) by disrupting the cells with a Polytron homogenizer (cell suspension on ice, power setting #8, 45 s). The homogenate was suspended in 10 ml of 66% sucrose and layered on 30 ml of 45% sucrose. The nuclei were pelleted by centrifugation at 800 rpm, for 30 min at 4VC, and the cytosol was saved. The nuclear pellet was washed once in PBS containing 0.25 M EDTA and the nuclei were hypotonically lysed by washing four times in 0.01 M Tris-HC1, pH 8.0. Chromatin was pelleted by centrifugation through 45% sucrose (50,000 g, 2.5 h, 40C) and homogenized in 1 ml of 0.1 M EDTA and 1 ml of 2 mM Tris-HCl, pH 7.5. After "dehiston- Proteins were precipitated with 0.4 N perchloric acid (10 min 4C) and pelleted by centrifugation. The resulting pellet was dissolved in 2 ml of 2% SDS before polyacrylamide gel electrophoresis (PAGE). The cytosol fraction was also dissolved in 2% SDS before PAGE.
Cell membrane binding studies. Cell membrane suspensions (cmS) were stored at 4°C in 35% sucrose until used. The sucrose was removed by washing three times in HBSS, and the cmS was adjusted to a total protein concentration of 250 Mg/ml. The cmS was incubated with [3H]DNA (370C, 30 min) and washed twice with 30% sucrose solution.
In control experiments the membranes were: (a) treated with trypsin (500 Mg/ml, 37°C, 45 min), and (b) disrupted with deoxycholate (1% wt/vol, 37°C, 1 h). The treated membranes were subject to rate zonal density sedimentation (10-45% sucrose, 100,000 g, 3 h, 4°C). All sucrose gradients were fractionated from the top downward using a Buchler DensiFlow II (Searle Analytic Inc., Fort Lee, NJ).
Detection of DNA binding proteins. A search for a putative DNA receptor was initiated using a modification of the method of Bowen et al. (25) to detect DNA binding proteins as we have previously described (26) . Cell membranes, nonhistone nuclear proteins (NHNP), and cytosol were boiled for 2 min in a 0.06-M Tris-HCI buffer ( Ficoll, 0.02% polyvinyl pyrollidine, 1 mM EDTA, 0.05 M NaCI, and 1% Triton X). After being washed twice in the same buffer, B-DNA was added at a concentration of 1.0 ug/ml in sufficient volume to just cover the NCS. After incubation at 25°C for 1 h, the NCS was washed twice in standard binding buffer and incubated with PBS, 2% BSA, 0.1% Triton X at 37°C for 30 min. Thereafter, streptavidin-biotinylated horseradish peroxidase complex was incubated (37°C, 30 min) with the NCS (0.02 ml/cm2). After washing three times (5 min each wash) in 0.5 M NaCI, 10 cell membrane preparation (Fig. 4) Fig. 1 Fraction NImber Figure 4 . A purified membrane preparation from human neutrophils was incubated with 3H-lambda phage DNA and subjected to rate zonal sedimentation (SW 20 rotor, 10-45% sucrose, 100,000 g, 3 h, 4°C (Fig. 7 A) . Prior treatment of the cells with trypsin abolished specific binding as did excess cold DNA and the omission ofthe incubation step with B-DNA.
When cells were incubated at 370C, a redistribution ofthe surface fluorescence and capping occurred over a time interval of -30-45 min (Fig. 7 B and C) . After -2 h some cells exhibited internalization of DNA with an apparent localization to intracytoplasmic vacuoles (Fig. 7 C) .
Discussion
There is accumulating evidence that nucleic acids are found in association with cell surfaces (8) (9) (10) (11) 17) . The present study presents evidence that such an association may in some instances be mediated by a specific surface binding site. The source of the DNA apparently bound to certain peripheral blood cells (17) remains a controversial issue; a widespread notion is that it originates from dying cells (16) . On the other hand there is abundant evidence that stimulated lymphocytes release DNA (1, (3) (4) (5) (6) and these could be another source of cmDNA. Rogers (28) (11) , who found cmDNA isolated from diploid human lymphocytes to have a molecular weight of 4.2 X 106. Furthermore, the Kd of 10-9 M, found for lambda phage DNA, probably represents a higher affinity than will be found for a small DNA molecule binding to a single receptor; it is very likely that a large DNA molecule will attach to multiple binding sites, and in doing so, its apparent dissociation constant will be enhanced. We are currently exploring this hypothesis using well defined DNAs of varying sizes. Another source of error in the results reported here stems from the modulation of binding capacity by incubation at 370C for 18 h and the apparent "up-regulation" by prior pulsing of cells with cold DNA (see Table IV 
